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H2N2 influenza viruses have not circulated in the human population since 1968, but they are still being regularly
detected in the animal reservoir, suggesting their high pandemic potential. To prepare for a possible H2N2 pandemic, a
number of H2N2 vaccine candidates have been generated and tested in preclinical and clinical studies. Here we
describe the results of a randomized, double-blind placebo-controlled phase 1 clinical trial of an H2N2 live attenuated
influenza vaccine (LAIV) candidate prepared from a human influenza virus isolated in 1966. The vaccine candidate was
safe and well-tolerated by healthy adults, and did not cause serious adverse events or an increased rate of moderate or
severe reactogenicities. The H2N2 vaccine virus was infectious for Humans. It was shed by 78.6% and 74.1% volunteers
after the first and second dose, respectively, most probably due to the human origin of the virus. Importantly, no
vaccine virus transmission to unvaccinated subjects was detected during the study. We employed multiple
immunological tests to ensure the adequate assessment of the H2N2 pandemic LAIV candidate and demonstrated that
the majority (92.6%) of the vaccinated subjects responded to the H2N2 LAIV in one or more immunological tests,
including 85.2% of subjects with antibody responses and 55.6% volunteers with cell-mediated immune responses. In
addition, we observed strong correlation between the H2N2 LAIV virus replication in the upper respiratory tract and the
development of antibody responses.

Introduction

H2N2 influenza viruses are considered as potentially pan-
demic for several reasons. First, this subtype is known to have
caused previous pandemics in 1889 and 19571,2 with significant
rates of morbidity and mortality among humans.3,4 Second, H2
subtype influenza viruses continue to circulate in avian reservoirs
posing the threat of generating new H2 reassortants with some
genes of currently circulating human influenza viruses, as it hap-
pened in 1950s causing the worldwide "Asian flu" pandemic.5-9

In addition, a natural infection with H2N3 influenza virus was
recently detected in a swine host in the United States suggesting
possible adaptation of avian H2 viruses to mammals.10 Finally,
H2N2 influenza viruses disappeared from human circulation in
1968, and thus, people born after this year have no immunity
against H2 influenza viruses and therefore will be vulnerable to
the infection should this subtype return to circulation. A re-emer-
gence of H1N1 influenza viruses in 1977, after 20 y of the
absence in humans, is a striking example of such situation. It was
noted that the new H1N1 epidemic was almost entirely restricted
to persons younger than 25 y of age.11

Preventive vaccination remains the principal weapon against
influenza. The main objective set by the World Health Organiza-
tion (WHO) in its Global Action Plan to fight influenza and pro-
tect against pandemics is to create a collection of vaccine strains
against potential pandemic viruses, which could be quickly
ordered into production in the case of a pandemic.12,13 More-
over, in the event of an H2N2 pre-pandemic situation, some
leading virologists recommend starting a vaccination campaign
before the pandemic breaks out.14,15 In recent years, interest in a
live cold-adapted reassortant influenza vaccine (LAIV) has grown
considerably. This is partly because WHO has recognized the
advantage of using LAIVs over inactivated vaccines if a pandemic
breaks out.13 Thus, its higher yield in eggs, easier down-stream
processing and faster scalability of production indicates that it is
more likely to meet the demand for a vaccine at the beginning of
a pandemic. In addition, LAIV is capable of inducing more
cross-reactive immune responses and therefore will protect
against antigenically drifted variants. Finally, its easy mode of
nasal administration makes LAIV a particularly desirable vaccine
for use in a pandemic setting.16-21In response to a potential
H2N2 pandemic threat, the Russian Institute of Experimental
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Medicine (IEM) has developed and characterized in pre-clinical
studies 2 H2N2 LAIV candidates based on human influenza
viruses isolated in 1966 and 1967,22 an A/California/1/66 strain,
and an A/Tokyo/3/67 strain. A ferret challenge study revealed
superior immunogenicity and cross-reactivity of the LAIV candi-
date based on the A/California/1/66 strain. Therefore this was
chosen for clinical testing in a phase I study in which we assessed
the reactogenicity, safety, shedding, transmissibility and immu-
nogenicity in healthy adult volunteers.

Results

Thirty-eight healthy male and female adults aged 18 to 40 were
randomized at a 3:1 ratio to receive the H2N2 LAIV or a placebo
under blind. The demographic characteristics of the cohort are
shown in Table 1. Two doses of the H2N2 LAIV or a matched pla-
cebo were administered intranasally 28 d apart. Volunteers were

placed in an isolation unit for 6 d after receipt of each dose of the
study vaccine or placebo. Subjects were closely monitored for
adverse reactions occurring within 6 d after administration of each
dose. Three subjects in the vaccine group and 3 in the placebo group
discontinued participation prematurely due to non-trial related rea-
sons (see study flow diagram, Fig. 1). Of them, 4 subjects (one in
the vaccine group and 3 in the placebo group) did not receive the
second dose due to: lacunar tonsillitis starting the day before the sec-
ond vaccination in one; signs of acute respiratory disease 3-5 d
before the second vaccination in 2; and personal reasons in one. All
the volunteers were tested by PCR for influenza A and B viruses, as
well as for other acute respiratory viral infections (adeno-, boca-,
metapneumo-, corona-, RS, rhino- and parainfluenza viruses) on
day 28. One subject was PCR positive for rhinovirus. Additionally,
2 subjects did not attend the visit set up for the last specimen collec-
tion (day 112).

Reactogenicity
The H2N2 LAIV was well tolerated with no clinically signifi-

cant safety signals detected during the daily clinical evaluations
or the metabolic and hematologic laboratory tests conducted a
week post each vaccination. No adverse events were reported
within the first 2 hours post vaccination. Over the 7 d post-vacci-
nation period local reactions occurred in 4 (14.3%) of the vacci-
nated subjects after the first dose, but in none after the second
(Table 2). Local reactions were also reported by 2 subjects
(20.0%) in the placebo group after receipt of the first dose, but
in none after the second. Solicited systemic reactions were
recorded in similar frequencies for subjects in the vaccine group

(46.4% after dose 1,
32.1% after dose 2) and
placebo group (50% after
dose 1, 20% after dose 2).
These included mild
events of sore throat, head-
ache, vomiting, fatigue
and fever. The most com-
mon systemic reaction
observed among vaccine
recipients was fever, which
occurred in 12 subjects
(42.9%) after dose 1 and
in 4 subjects (14.3%) after
dose 2. Among subjects
who received placebo 1
(10%) had fever and 4
(40%) had sore throat after
dose 1 (Table 2). Impor-
tantly, all temperature ele-
vations observed in either
treatment group were mild
(37.0 to 37.5�C). No
moderate or severe soli-
cited reactions were
recorded in the course of
the study.

Table 1. Demographic characteristics of study participants

Characteristics Vaccine N D 28 (100%) Placebo N D 10 (100%)

Gender
Male 16 (57.1) 7 (70)
Female 12 (42.9) 3 (30)

Race
White 28 (100) 10 (100)

Age (years)
Mean (SE) 28.0 (1.26) 26.2 (2.49)
Median 27.0 24.5
Range 18.0– 40.0 18.0–40.0

Figure 1. Study flow diagram.
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The most frequent unsolicited adverse events observed follow-
ing vaccination consisted of mild laboratory chemistry abnormal-
ities, which were generally similar in frequency between
treatment groups, with the exception of moderate cases of
increased alanine amino transferase (2 cases, one after each dose),
bilirubin and glucose (one case each) in the vaccine group after
dose 2 (Table 3). A single moderate case of bilirubin elevation
was recorded in the placebo group after dose 1.

Vaccine virus shedding, transmissibility and genetic stability
of LAIV isolates

Nasal and throat swabs were collected daily while subjects
were in isolation and tested by RNA PCR or culture in embryo-
nated chicken eggs to assess the ability of the H2N2 LAIV virus
to infect the vaccinated subjects, as well as the potential transmis-
sibility to unvaccinated contacts. For safety reasons, participants
were eligible for discharge on the 7th day post-vaccination only if
PCR-diagnosis results confirmed that no influenza virus was pres-
ent in nasal swabs for at least 2 consecutive days. This precaution
was taken to reduce the risk of possible reassortment between the
vaccine and a wild-type strain.

After dose 1, viral RNA was detected in nasal swabs in 22 of
28 vaccinated subjects on day 1 post vaccination (78.6%),
whereas only 11 subjects were positive on day 2 (39.3%), 5 on
day 3 (17.9%), and 3 on day 4 (10.7%) after the first dose. The
detection of viral RNA in throat swabs was much lower. No sub-
jects were positive on day 1 after vaccination, and virus replica-
tion was detected only in 3 subjects on day 2 (10.7%), one of
whom shed the virus for 2 additional days (Table 4). No viral

replication was detected in any subject beyond day 4 post-
vaccination.

Viral RNA was detected in nasal swabs in 21 of 27 vaccinated
volunteers following the second dose. One subject was PCR neg-
ative in the nasal swab sample, but positive in the throat swab
specimen collected on day 2 after revaccination (Table 4). Nota-
bly, only 3 subjects had detectable viral RNA on day 2 after
revaccination and no virus was detected beyond this time point,
highlighting a shorter period of vaccine virus shedding after dose
2 compared with dose 1.

Infectious virus was isolated by culture in eggs only from
subjects who were positive for viral RNA by PCR. The
majority of the isolates were recovered on day 1 after vaccina-
tion and revaccination, (11 of 28 and 8 of 27, respectively).
There was only one isolate recovered on day 2 after the first
dose, and no viable virus was isolated after day 2 after either
dose. No viral RNA or infectious virus was detected in any
subject in the placebo group by PCR or virus culture indicat-
ing the absence of the H2N2 vaccine virus transmission from
immunized to unvaccinated contacts.

Altogether, 20 H2N2 LAIV isolates were recovered from vac-
cinated subjects by culturing nasal swabs in eggs. All these isolates
were sequenced to assess the genetic stability of the vaccine virus
after replication in humans. In addition, their ts/ca phenotype
was assessed by titration in eggs at various temperatures. All
twenty clinical isolates were shown to preserve all the attenuating
mutations of the A/Leningrad/134/17/57 master donor virus.
No spontaneous mutations were detected in HA or NA genes. In
addition, the ts/ca phenotype of all isolates was essentially identi-
cal to that of the master donor virus (data not shown). These

Table 2. Subjects with reactogenicity and adverse events following vaccination

Post dose 1 n; % (95% CI) Post dose 2 n; % (95% CI)

Outcomes Vaccine N=28 Placebo N=10 Vaccine N=28 Placebo N=10

Within 2 hours post-vaccination
Any adverse reaction 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Within 7 d post-vaccination
Solicited reactions
Local reaction 4; 14.3 (5.7; 31.5) 2; 20.0 (5.7; 51.0) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Systemic reaction 13; 46.4 (29.5; 64.2) 4; 40.0 (16.8; 68.7) 9; 32.1 (17.9; 50.7) 2; 20.0 (5.7; 51.0)
Any 13; 46.4 (29.5; 64.2) 5; 50.0 (23.7; 76.3) 9; 32.1 (17.9; 50.7) 2; 20.0 (5.7; 51.0)

Solicited local reactions
Nose dryness 4; 14.3 (5.7; 31.5) 2; 20.0 (5.7; 51.0) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)

Solicited systemic reactions
Fatigue/malaise 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Headache 2; 7.1 (2.0; 22.6) 0; 0.0 (0.0; 27.8) 2; 7.1 (2.0; 22.6) 1; 10.0 (1.8; 40.4)
Sore throat 3; 10.7 (3.7; 27.2) 4; 40.0 (16.8; 68.7) 5; 17.9 (7.9; 35.6) 1; 10.0 (1.8; 40.4)
Vomiting 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Temperature 12; 42.9 (26.5; 60.9) 1; 10.0 (1.8; 40.4) 4; 14.3 (5.7; 31.5) 0; 0.0 (0.0; 27.8)

Adverse events
Worst grade –mild 22; 78.6 (60.5; 89.8) 9; 90.0 (59.6; 98.2) 25; 89.3 (72.8; 96.3) 7; 70.0 (39.7; 89.2)
Worst grade –moderate 1; 3.6 (0.6; 17.7) 1; 10.0 (1.8; 40.4) 3; 10.7 (3.7; 27.2) 0; 0.0 (0.0; 27.8)
Worst grade – severe 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Any event 22; 78.6 (60.5; 89.8) 9; 90.0 (59.6; 98.2) 25; 89.3 (72.8; 96.3) 7; 70.0 (39.7; 89.2)

Any treatment–related event 16; 57.1 (39.1; 73.5) 5; 50.0 (23.7; 76.3) 19; 67.9 (49.3; 82.1) 4; 40.0 (16.8; 68.7)
Any serious adverse event 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)

CI, 95% confidence interval as calculated by Wilson test.

972 Volume 11 Issue 4Human Vaccines & Immunotherapeutics



data suggest a high level of genetic stability after replication in
humans.

Immunogenicity of H2N2 LAIV
Antibody responses to the vaccine were measured at day 0, 28

d after dose 1 (Day 28), 28 d after dose 2 (Day 56) and 84 d after
dose 2 (Day 112). Cell-mediated immunity (CMI) was assessed
at baseline, at days 6 and 28 after the first dose and at days 28
and 84 after the second dose.

All the subjects were seronegative prior to immunization. The
proportion of subjects with �4 -fold rise in antibody titers varied
depending on the assay employed. The majority of seroconver-
sions were detected by hemagglutination-inhibition assay (HAI):
18.5%, 33.3%, and 60.0% of vaccinated subjects developed a
response by days 28, 56 and 112, respectively, whereas only 2
(8.0%) volunteers had serum IgG responses measured by an -
enzyme-linked immunosorbent assay (ELISA) by day 112
(Table 5). Microneutralization (MN) detected seroconversions
in 8 (29.6%), 12 (44.4%) and 11 (44.0%) subjects on days 28,
56 and 112, respectively.

In addition, 16 (59.3%) subjects had measurable responses in
serum IgA antibody titers at any time. Importantly, intranasal
administration of the H2N2 LAIV induced local antibody
immune responses in 17 (63.0%) subjects, of which 5 (18.5%)
subjects had �4 -fold increases of nasal IgA antibodies, 4
(14.8%) subjects had �4 -fold increases of salivary IgA antibod-
ies, and 8 (29.6%) volunteers had responses measured by both
assays (Tables 5, 9). Of note, 11 of 14 (78.6%) subjects with
serum IgA responses had significant increases of local IgA titers
detected by either of the assays (Table 9).

In summary, the majority of vaccinated subjects (23 of 27,
85.2%) developed antibody responses measured by any of the
assays, though the geometric mean titers (GMT) of the antibod-
ies were relatively low. Thus, the GMT of the MN antibodies
among vaccines was only 1:15 at 84 d after the second

vaccination, and the HAI antibody GMT was < 1:10 (Table 6).
Nonetheless, the increases of HAI, MN and serum IgA antibody
titers were statistically significant already after the first dose (p D
0 .028 for HAI, p D 0. 0002 for MN and p D 0.019 for serum
IgA antibodies). Second vaccination resulted in 2.0 to 3.0 GMT
fold rises of all antibodies, with the exception of serum IgG, for
which significant GMT increase was noted only 84 d after the
second dose (p D 0.019, Table 6). Notably, all antibody titers
continued to rise over time, and GMTs measured at the latest
time point (84 d after dose 2) were higher than those detected 28
d after the second dose, indicating a continuous development of
immune responses after immunization with LAIV. Table 7 sum-
marizes the GMTs of various antibodies from subjects exhibiting
�4 -fold rises in antibody titers measured by the various assays
employed. No antibody responses were observed in any of the
placebo recipients.

T cell mediated immune responses were evaluated by the fold
change (FC) in the number of H2N2 vaccine virus-specific
CD4C and CD8C IFN-g producing central memory T cells
(Tcm) and effector memory T cells (Tem) induced by vaccina-
tion. The mean FC value for the placebo group plus 3 standard
deviations (SD) was used as the cut-off line to consider a response
to be positive. After the first dose only 3 vaccinated subjects
(11.1%) on day 6 and 6 (22.2%) on day 28 had T cell immune
responses, respectively (Table 8). While no increase in such
responses were observed 28 d after the second vaccination, 11 of
25 (44.0%) vaccinees had demonstrable responses on day 84 after
the second dose. Altogether, 15 (55.6%) vaccinated volunteers
had significant increases in the virus-specific T cells at any time
point.

Table 9 summarizes individual data on the antibody and cel-
lular immune responses by any assay employed for each vacci-
nated volunteer. Cumulative data shows that the majority of the
volunteers (92.6%) responded to the H2N2 LAIV by the induc-
tion of virus-specific antibodies and/or T cells.

Table 3. Subjects with adverse events following vaccination

Post dose 1 n; % (95% CI) Post dose 2 n; % (95% CI)

Outcomes Vaccine N=28 Placebo N=10 Vaccine N= 28 Placebo N=10

Ear Congestion 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Fatigue 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8) 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8)
Pyrexia 2; 7.1 (2.0; 22.6) 1; 10.0 (1.8; 40.4) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
Periodontitis 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)
ALT elevation 1; 3.6 (0.6; 17.7)* 0; 0.0 (0.0; 27.8) 3; 10.7 (3.7; 27.2)* 0; 0.0 (0.0; 27.8)
AST elevation 1; 3.6 (0.6; 17.7) 0; 0.0 (0.0; 27.8) 2; 7.1 (2.0; 22.6) 0; 0.0 (0.0; 27.8)
Bicarbonate elevation 3; 10.7 (3.7; 27.2) 2; 20.0 (5.7; 51.0) 2; 7.1 (2.0; 22.6) 0; 0.0 (0.0; 27.8)
Bilirubin elevation 2; 7.1 (2.0; 22.6) 1; 10.0 (1.8; 40.4)* 2; 7.1 (2.0; 22.6)* 1; 10.0 (1.8; 40.4)
Glucose elevation 1; 3.6 (0.6; 17.7) 1; 10.0 (1.8; 40.4) 3; 10.7 (3.7; 27.2)* 1; 10.0 (1.8; 40.4)
Calcium elevation 2; 7.1 (2.0; 22.6) 0; 0.0 (0.0; 27.8) 2; 7.1 (2.0; 22.6) 1; 10.0 (1.8; 40.4)
Lymphocyte count elevation 12; 42.9 (26.5; 60.9) 1; 10.0 (1.8; 40.4) 19; 67.9 (49.3; 82.1) 6; 60 (31.3; 83.2)
Monocyte count elevation 5; 17.9 (7.9; 35.6) 1; 10.0 (1.8; 40.4) 6; 21.4 (10.2; 39.5) 1; 10.0 (1.8; 40.4)
Neutrophil count decreased 9; 32.1 (17.9; 50.7) 5; 50.0 (23.7; 76.3) 10; 35.7 (20.7; 54.2) 4; 40.0 (16.8; 68.7)
RBC sedimentation rate increased 4; 14.3 (5.7; 31.5) 1; 10.0 (1.8; 40.4) 0; 0.0 (0.0; 12.1) 0; 0.0 (0.0; 27.8)

*denotes moderate grade AE in one subject; all the other events were mild; CI, 95% confidence interval as calculated by Wilson test; ALT - Alanine amino-
transferase; AST - Aspartate aminotransferase; RBCs – red blood cells.
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Discussion

Due to their persistence in animal reservoirs, the historic evi-
dence of their ability to cause devastating pandemics and the
absence of collective immunity in the population born after
1968, H2N2 influenza viruses have long been recognized as
potentially pandemic.2,5,9,23,24 To be adequately prepared for an
H2N2 pandemic, safe and effective vaccines should be developed
and tested in clinical trials now, to shorten the time needed to
provide the population with sufficient vaccine doses to start
global campaigns as early as possible.

LAIVs are considered to be the preferred vaccine modality to
use at the beginning of a pandemic given their induction of a
broader range and specificity of immune responses as well as their
ease of administration and the cheaper and faster production pro-
cess.13 Multiple studies have directly compared inactivated influ-
enza vaccines (IIV) with LAIVs in animal models and clinical
trials have demonstrated a superior performance for LAIVs, espe-
cially with regards to breadth of responses and cross-protection
against antigenically diverse strains.18,19,25-32

Two cold-adapted H2N2 LAIVs have been tested in clinical
trials thus far: A/Leningrad/134/17/57 (Len/17) and caA/Ann
Arbor/6/60 (AA/60). Both viruses have been used as backbones

for the development of seasonal reassortant LAIVs in Russia and
the United States for decades. In addition, the Len/17 strain was
used back in the 1960s as a cold-adapted LAIV for immunization
against Asian flu in the USSR, with a well-documented safety,
immunogenicity and efficacy profile in controlled clinical trials.33

Results of a phase I clinical trial of AA/60 vaccine demonstrated
low immunogenicity for healthy adults, most likely due to mini-
mal viral replication, which was unexpected since the AA/60 virus
was of human origin.34 A separate AA/60-based H2 LAIV strain
prepared from a swine H2N3 virus isolated in 2006 was tested in
pre-clinical studies and demonstrated promising immunogenic
and cross-reactive potential.35 These results prompted the initia-
tion of a phase I clinical trial in healthy adults (Clinicaltrials.gov
identifier: NCT01175122), but no results from this trial have
been published.

As a part of H2N2 pandemic preparedness we tested 3 LAIV
candidates in preclinical studies, including Len/17 master donor
virus and 2 reassortants based on H2N2 viruses of human origin
isolated at the end of the H2N2 wave.36 Even though animal
studies had demonstrated better cross-reactivity of avian H2
viruses than late human viruses,35 we selected the human viruses
because of their expected better replication in the human upper
respiratory tract, which in turn might result in stronger immune

Table 5. Proportion of subjects with �4-fold rise in antibody titers after vaccination with H2N2 LAIV or Placebo

After 1 dose (Day 28)
LAIV: N=27 placebo: N=9

After 2 doses (Day 56)
LAIV: N=27 placebo: N=7

After 2 doses (Day 112) LAIV:
N=25 placebo: N=7

Cumulative
conversions

Assay Test article n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

HAI: serum Ab LAIV 5 (18.5) 8.2–36.7 9 (33.3) 18.6–52.2 15 (60.0)1 40.7–76.6 16 (59.3) 40.7–75.5
Placebo 0 0.0–29.9 0 0.0–34.5 0 0.0–34.5 0 0.0–29.9

MN: serum Ab LAIV 8 (29.6) 15.9–48.5 12 (44.4)2 27.6–62.7 12 (48.0) 26.7–62.9 16 (59.3) 40.7–75.5
Placebo 0 0.0–29.9 0 0.0–34.5 0 0.0–34.5 0 0.0–29.9

ELISA: serum IgA LAIV 2 (7.4) 2.1–23.4 14 (51.9)3 34.0–69.3 12 (48.0)4 30.0–66.5 14 (51.9) 34.0–69.3
Placebo 0 0.0–29.9 0 0.0–34.5 0 0.0–34.5 0 0.0–29.9

ELISA: serum IgG LAIV 0 0.0–12.5 1 (3.7) 0.7–18.3 2 (8.0) 2.2–25.0 2 (7.4) 2.1–23.4
Placebo 0 0.0–29.9 0 0.0–34.5 0 0.0–34.5 0 0.0–29.9

ELISA: nasal IgA LAIV 6 (22.2) 10.6–40.8 11 (40.7) 24.5–59.3 n/a n/a 13 (48.1) 30.7–66.0
Placebo 0 0.0–29.9 0 0.0–34.5 n/a n/a 0 0.0–29.9

ELISA: salivary IgA LAIV 3 (11.1) 3.9–28.1 9 (33.3) 18.6–52.2 n/a n/a 12y (44.4) 27.6–62.7
Placebo 0 0.0–29.9 0 0.0–34.5 n/a n/a 0 0.0–29.9

Cumulative conversions LAIV 15 (55.6)5 37.3–72.4 23 (85.2)6 67.5–94.1 21 (84.0)7 65.3–93.6 23 (85.2) 67.5–94.1
Placebo 0 0.0–29.9 0 0.0–34.5 0 0.0–34.5 0 0.0–29.9

CI, 95% confidence interval as calculated by Wilson test; n/a – not applicable (nasal swab and saliva samples were not collected at Day 112); HAI – hemag-
glutination inhibition assay; MN –microneutralization; ELISA - Enzyme-linked immunosorbent assay; Ab – antibody;
y2 subjects had 4-fold rises in salivary IgA antibody titer at Day 56 compared to Day 28, and only 2-fold rise at Day 56 compared to Day 0;
1percent of subjects with HAI Ab conversions 84 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact (2–tailed)
p D 0.008);
2percent of subjects with MN Ab conversions 28 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact (2–tailed)
p D 0.036);
3percent of subjects with serum IgA conversions 28 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact
(2–tailed) p D 0.026);
4percent of subjects with serum IgA conversions 84 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact
(2–tailed) p D 0.029);
5cumulative percent of subjects with Ab conversions is significantly higher in LAIV group than in Placebo group (Fisher exact (2–tailed) p D 0.005);
6cumulative percent of subjects with Ab conversions 28 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact
(2–tailed) p D 0.0001);
7cumulative percent of subjects with Ab conversions 56 d after 2nd vaccination is significantly higher in LAIV group than in Placebo group (Fisher exact
(2–tailed) p D 0.0001);
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responses. Of the 3 candidates A/17/California/66/395 (H2N2
LAIV) based on A/California/1/66 virus demonstrated the best
immunogenicity, cross-reactivity and cross-protection in ferrets,
prompting the selection of this candidate for the phase I clinical
trial described in this article. The clinical study was designed to
allow an adequate assessment of not only safety, virus shedding,
genetic stability and immunogenicity of the H2N2 vaccine, but
also its potential transmissibility to unvaccinated close contacts.

Since the A/17/California/66/395 LAIV has HA and NA
genes of human origin, we expected to see intensive virus replica-
tion in the human upper respiratory tract after vaccination.
Indeed, the H2N2 LAIV was highly infectious: 22 of 28 (78.6%)
and 20 of 27 (74.1%) volunteers shed the virus after the first and
second dose, respectively (Table 4), and several subjects shed the
virus for as long as 4 d after vaccination, which was in contrast to
other pandemic LAIVs which were only detected on day 1 and,
in some cases, on day 2 after vaccination.16,37 Infectious virus
was isolated by egg culture from 20 nasal swab specimens, which
gave us the opportunity to examine the genetic and phenotypic
stability of the H2N2 LAIV strain after human passage. No
reversions or other unwanted mutations were detected in any of
the clinical isolates. In addition, although in a limited way, our
study supports the absence of vaccine virus transmissibility to
close unvaccinated contacts during the in-patient periods in this
study. Absence of transmissibility of LAIV viruses has been
observed not only with pandemic candidates but also with sea-
sonal LAIVs. To our knowledge, thus far there was only a single
documented case of type B vaccine virus transmission to an
unvaccinated child in MedImmune’s LAIV study in children.38

Our safety evaluation of the A/17/California/66/395 (H2N2)
LAIV demonstrated that the vaccine was safe and well-tolerated
by healthy adults, did not cause serious adverse events or an
increased rate of moderate or severe reactogenicities. The few

Table 6. Geometric mean titers of serum and local antibodies in volunteers vaccinated with H2N2 LAIV

Reverse GMTs GMT fold changes*

Assay
Test
article

Day 0 LAIV: N=27
placebo: N=9

Day 28 LAIV: N=27
placebo: N=9

Day 56 LAIV: N=27
placebo: N=7

Day 112 LAIV: N=25
placebo: N=7

Day 28 /
Day 0

Day 56 /
Day 0

Day 112 /
Day 0

HAI: serum Ab LAIV 2.5 3.5 5.1 7.4 1.41 2.02 3.03

Placebo 2.5 2.5 3.0 2.8 1.0 1.2 1.1
MN: serum Ab LAIV 5.4 10.5 13.6 14.7 1.94 2.55 2.76

Placebo 6.8 8.6 8.2 9.0 1.3 1.2 1.3
ELISA: serum IgA LAIV 12.7 16.8 29.6 33.8 1.37 2.38 2.49

Placebo 13.7 16.0 14.5 13.1 1.2 0.9 0.8
ELISA: serum IgG LAIV 10.9 11.8 11.8 14.3 1.1 1.1 1.310

Placebo 12.7 13.7 13.1 14.5 1.1 1.0 1.1
ELISA: nasal IgA LAIV 3.5 4.8 8.6 n/a 1.4 2.511 n/a

Placebo 10.9 6.9 8.8 n/a 0.6 1.0 n/a
ELISA: salivary IgA LAIV 3.1 3.3 6.7 n/a 1.1 2.212 n/a

Placebo 3.7 3.2 4.4 n/a 0.9 1.2 n/a

GMT – geometric mean titer; HAI – hemagglutination inhibition assay; MN – microneutralization; ELISA - Enzyme-linked immunosorbent assay; Ab –
antibody;
*GMT fold changes are calculated only for those subjects who was available at indicated days;
1GMT of HAI Ab after 1st vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.028);
2GMT of HAI Ab 28 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.0007);
3GMT of HAI Ab 84 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.0002);
4GMT of MN Ab after 1st vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.0002);
5GMT of MN. Ab 28 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.00002);
6GMT of MN. Ab 84 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.00001);
7GMT of serum IgA after 1st vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.019);
8GMT of serum IgA 28 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.00002);
9GMT of serum IgA 84 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.0005);
10GMT of serum IgG 84 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.019);
11GMT of nasal IgA 28 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.003);
12GMT of salivary IgA 28 d after 2nd vaccination is significantly higher than GMT before vaccination (Wilcoxon Matched Pairs Test: p D 0.0003).

Table 7. GMTs in subjects with �4 -fold rises in antibody titers after 2 doses
of H2N2 LAIV

After 2 doses, Day 56 After 2 doses, Day 112

Reverse GMTs Reverse GMTs

Assay n Day 0 Day 56
GMT
rise n Day 0 Day 112

GMT
rise

HAI: serum Ab 9 2.5 13.6 5.4 15 2.5 13.2 5.3
MN: serum Ab 12 5.0 20.0 4.0 12 5.0 20.0 4.0
ELISA: serum IgA 14 8.8 41.0 4.7 12 9.0 47.9 5.3
ELISA: nasal IgA 13 1.9 12.9 6.8 n/a n/a n/a n/a
ELISA: salivary IgA 12 3.6 14.3 4.0 n/a n/a n/a n/a

GMT – geometric mean titer; HAI – hemagglutination inhibition assay; MN –
microneutralization; ELISA - Enzyme-linked immunosorbent assay; Ab – anti-
body; n/a – not applicable (nasal swab and saliva samples were not col-
lected at Day 112).
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moderate self-limiting events observed were equally frequent in
the vaccine and placebo groups. Similar observations have been
made in clinical trials of other pandemic LAIVs subtypes H5N2
and H7N3 based on the Len/17 backbone, where the few soli-
cited local and systemic reactions recorded were short in duration
and with no consequences.37,39,40 Unfortunately, several earlier
clinical studies of pandemic LAIVs based on AA/60 backbone
excluded a placebo group, and therefore all adverse events (in
20–40% of vaccinees) were attributed to the vaccines.16

It has been previously shown that HAI antibody titers do not
necessarily reflect the ability of influenza vaccines to protect
against seasonal and pandemic influenza.41-43 This is particularly
the case for LAIVs as applied to children, in whom no single cor-
relate of protection has been identified.44 Several studies sug-
gested that mucosal IgA antibody titers and cellular immune
responses could be associated with protection by LAIV in chil-
dren.45,46 Therefore, WHO recommends the assessment of
immune responses to LAIV using a broad range of assays, such as
HAI in combination with neutralization, local secretory antibody
titers in upper respiratory tract secretions, as well as the evalua-
tion of cellular immune responses with specific attention to anti-
gen specific memory B- and T-cells.47 Following this strategy, we
employed multiple immunological tests to ensure the adequate
assessment of the H2N2 pandemic LAIV and demonstrated that
the majority (92.6%) of the vaccinated subjects responded to the
H2N2 LAIV in one or more immunological tests, including
85.2% of subjects with antibody responses and 55.6% volunteers
with CMI responses (Table 9). Of note, there were only 4 sub-
jects with no antibody responses detected, and these subjects did
not shed virus at any time point. In contrast, all 24 subjects with
detectable virus shedding presented one or more antibody
responses (Tables 4 and 9). These data suggest a strong correla-
tion between virus replication in the upper respiratory tract and
the development of antibody responses, a correlation which
would not have been detected if only HAI antibody responses
had been measured.

Though the proportion of subjects with �4 -fold rises in anti-
body titers was relatively high, the antibody titers after 2 doses of
the H2N2 LAIV remained significantly lower than those
observed with seasonal LAIVs. Similar results were obtained in
clinical trials of H7N3 and H5N2 pandemic LAIV candidates. A
potential explanation for this is the absence of pre-existing immu-
nity to pandemic viruses, whereas seasonal vaccines may act as
booster vaccines given the presence of memory B-cells in most
individuals resulting from multiple priming by natural exposure.
In concordance with the results for the H2N2 LAIV presented
here, a pandemic H2N2 inactivated influenza vaccine (IIV) also
demonstrated markedly reduced immunogenicity when com-
pared with seasonal IIVs.48 Even though the responses to pan-
demic LAIVs have been weak, they have been recently
demonstrated to prime for strong immune responses after a one-
dose booster with IIV.49 In that study, subjects vaccinated with
pandemic LAIVs developed minimal HAI and MN antibody
immune responses, but after a single immunization with an IIV
several years later, they developed robust booster responses that
included cross-reactive antibodies. It is likely that similar boosterTa
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responses be observed after natural exposure with wild-type
viruses. Since the Cal/66-based H2N2 LAIV tested in this study
is by itself capable of inducing significant immune responses in
na€ıve subjects after a primary immunization, it should be consid-
ered as an optimal candidate to prime populations, should the
H2N2 influenza viruses re-emerge in humans. This is especially
important for low income countries with a huge population den-
sity where the preferential use of LAIV is explained by several rea-
sons, such as much easier scalability of the vaccine’s production,
the lower cost of a dose, the ease of intranasal administration and
the ability to generate herd immunity.13,16,18

Methods

Study design and participants
This trial was a phase 1, double-blind, individually-random-

ized, placebo-controlled study of reactogenicity, safety and
immunogenicity of a live monovalent A/17/California/66/395
(H2N2) influenza vaccine (H2N2 LAIV) and matched placebo
conducted in an inpatient isolation unit operated by the Research
Institute of Influenza (RII) in St Petersburg, Russia. Subjects
were randomly distributed into 2 groups to receive either vaccine
or placebo at a 3:1 vaccine/placebo ratio. The study used a "ran-
dom permuted block" design to assure more equal spacing of the
2 treatments in the allocation sequence. The randomization
scheme was generated according to procedures described in
http://www.randomization.com. The study was approved by the
Ministry of Health and Social Development of Russian Federa-
tion (Moscow, Russia), Research Institute of Influenza Ethics
Committee (St Petersburg, Russia) and was conducted in compli-
ance with the Declaration of Helsinki. The clinical trial was regis-
tered on http://www.clinicaltrials.gov/, under the identifier
NCT01982331.

Two doses of the H2N2 LAIV or matched placebo were
administered 28 d apart and all volunteers remained in the isola-
tion unit for 6 d after receipt of each dose of study vaccine or pla-
cebo. The vaccine strain was a reassortant virus which contained
the surface proteins hemagglutinin and neuraminidase genes
from the human influenza virus A/California/1/66 (H2N2) and
6 internal gene proteins of the cold-adapted master donor virus
A/Leningrad/134/17/57 (H2N2).22 Both LAIV and placebo
were supplied by the manufacturer "Microgen" (Irkutsk, Russia).
The LAIV was formulated to contain 107.5 EID50 per dose
(0.5 ml).

Approximately one week prior immunization subjects were
screened for eligibility through medical history review, physical
examination, testing for serologic evidence of chronic viral infec-
tion [human immunodeficiency virus (HIV), hepatitis B virus
(HBV) or hepatitis C virus (HCV)], routine biochemical and
hematological blood tests and routine urinalysis. Women were
tested for pregnancy using urine samples. All subjects underwent
ear, nose and throat (ENT) examinations. A total of 38 seronega-
tive subjects of both sexes and aged 18 through 40 y were eligible
for the study, randomized and admitted to the isolation unit.
According to the information obtained from the volunteers,

none of them received seasonal influenza vaccine during 2 pre-
ceding seasons. For feasibility reasons and in order for an Inde-
pendent Safety Monitor (ISM) to review safety data in a portion
of subjects, the total cohort of 38 subjects was enrolled in 2 ran-
domized sub-cohorts, a first cohort of 19 subjects (14 vaccine
and 5 placebo), followed 2 weeks later by a second cohort of 19
subjects (14 vaccine and 5 placebo). After all volunteers of the
first sub-cohort completed the first isolation period following
receipt of dose one (Day 0 to Day 6), an interim safety review
was performed by the ISM. The ISM reviewed all adverse events
(AEs), including clinical laboratory evaluations (pre- and post-
vaccination) and shedding data for all subjects and provided
guidance to administer dose 2 to the first sub-cohort, and to
enroll the additional 19 volunteers in the second sub-cohort.

At the time of admission to the isolation unit, nasal and throat
swabs, saliva, and blood specimens were collected for virological
and immunological testing. Blood specimens were also collected
for routine biochemical and hematological blood tests. Subjects
and investigators conducting assessments of safety were unaware
of which allocation, the H2N2 LAIV or matched placebo, was
received; study vaccine and placebo were masked. All subjects
remained in the isolation unit for at least 6 d after receipt of the
study vaccine or placebo and were carefully monitored for
adverse reactions. Nasal and throat swabs were collected daily
while subjects were in isolation to test for the presence of influ-
enza virus shed in the upper respiratory tract. Any subject still
exhibiting evidence of influenza virus shedding in the nasal or
throat swab on Days 5 or 6 or Days 33 or 34 post-administration
with each dose was supposed to be placed on influenza antiviral
(oseltamivir) treatment at the standard dose for treatment of
75 mg (mg) twice a day for a course of 5 days; however such pro-
vision was not necessary, since none of the subjects was shedding
virus after day 4. A final visit occurred at day 84 following the
administration of dose 2 (or day 112 following the admission of
dose 1) during which a final blood sample was collected for
immunological testing.

Detection of shed virus by real-time RT-PCR
Nasal and throat swab specimens were tested for evidence of

influenza virus using rRT-PCR. Specimen collection for this pur-
pose occurred daily on Days 0–6 and Days 28–34, while the sub-
jects were admitted to the isolation unit. Collection of the swab
specimens was performed with sterile dry applicators (COPAN
Diagnostics, Inc..) using standard procedure in accordance with
MG 4.2.2136–06. Following collection of the material the appli-
cator was placed into the sterile tube containing transport
medium (COPAN). RNA was extracted from the swab speci-
mens using a "RIBO–prep" Reagent Kit for RNA/DNA Isolation
from Human Specimens (InterLabService, Moscow) followed by
the first step of rRT-PCR testing performed using SuperScript
III Platinum One–step qRT–PCR System (Invitrogen) and pri-
mers and probes for influenza virus A RNA isolation (CDC,
Atlanta, USA). During the second step isolated RNA samples
were subjected to "in–house" rRT-PCR testing using SuperScript
III Platinum One–step qRT–PCR System (Invitrogen) and pri-
mers and probes for the H2 subtype HA of influenza A virus
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developed at the RII. Whenever the presence of other agents was
suspected conventional tests were used to detect them.

Isolation of shed virus in chicken embryos
Samples from the nasal secretions obtained on days 1, 2, 3, 5,

6 after the first vaccination and on days 1 and 3 after the second
vaccination, were tested for detection of viral shedding by inocu-
lation into 10–11 day old embryonated chicken eggs ("Nazia"
poultry plant, St Petersburg, Russia) and incubation at 32�C for
72 hours. The studies were conducted in accordance with the
laws of the Russian Federation and complied with the official reg-
ulations: "Rules for working with experimental animals"
approved on November 13, 1984 by Russian Ministry of Educa-
tion. Eggs were chilled overnight before harvesting. The presence
of an influenza virus was detected by standard hemagglutination
(HA) test with 1% chicken red blood cells (RBCs) according to
the WHO Manual.50 Allantoic fluids positive for HA were har-
vested and frozen. If no HA was present after the first passage, 2
additional passages were performed, before finally reporting
whether the virus was isolated or not.

Genetic stability of vaccine viruses isolated from vaccinated
volunteers

To evaluate genetic stability of H2N2 LAIV strain after repli-
cation in humans, viruses isolated from nasal specimens by cul-
ture in eggs were subjected to partial sequencing as described
in.40 Briefly, viral RNA was extracted from virus-containing
allantoic fluid followed by RT-PCR with segment-specific primer
set. Nucleotide sequencing of the amplified regions was per-
formed using an automated capillary sequencer 3130xl Genetic
Analyzer (Applied Biosystems, Carlsbad, CA, USA) according to
the instructions of the manufacturer. Multiple sequence align-
ment analysis was performed using Lasergene version 7.1
sequence analysis software. In addition, temperature sensitive
and cold-adapted (ts/ca) phenotypes were determined for all clini-
cal isolates by their titration in chicken embryos at various tem-
peratures. Viruses were considered as ts if the titer at elevated
temperatures over 39�C was � 4.2 log10EID50/ml. Viruses were
considered as having a ca phenotype if the titer at low tempera-
ture of 25�C was � 5.7 log10EID50/ml.

Hemagglutination inhibition assay (HAI)
Serum samples were collected at Day 0, Day 28 after the first

dose, Day 28 after the second dose (Day 56 of the study) and
Day 84 after the second dose (Day 112 of the study). HAI tests
were performed on serum samples with the conventional WHO-
recommended assays.50 Sera were pretreated with receptor
destroying enzyme (RDE, Denka Seiken, Japan) and tested
against 4 HA units of the A/17/California/66/395 (H2N2) anti-
gen. A 4-fold or greater antibody rise in titer was considered to
be a seroconversion.50

Microneutralization assay (MN)
Serum specimens were tested for the presence of neutralizing

antibodies against the A/17/California/66/395 (H2N2) influenza
virus by MN assay using a culture of Madin–Darby Canine

Kidney (MDCK) cells as described.51 Titers of neutralizing anti-
bodies were expressed as reciprocal of the greatest dilution giving
a neutralization of 50% of tissue cytopatic effects of the virus in
the tissue culture (TCID50).

Secretory anti-influenza IgA
Nasal wick and saliva specimens were collected at Day 0, Day

28 after the first dose and Day 28 after the second dose (Day 56
of the study) and tested for the presence of IgA antibody against
A/17/California/66/395 (H2N2) virus using Enzyme-linked
immunosorbent assay (ELISA) according to.40 Sixteen HA units
of the H2N2 vaccine virus were used as antigen.

Serum anti-influenza IgA and IgG
Serum samples collected at Days 0, 28, 56 and 112 were

tested for the presence of A/17/California/66/395 virus-specific
IgA and IgG antibodies by ELISA as described previously. Like-
wise, 16 HA units of the virus were used as antigen.

Quantification of IFN–g producing CD4C and CD8C
memory T–cells

Cellular immune responses were ascertained by a post–vacci-
nation increase (%) of CD4 and CD8 G–cell levels with respect
to the mean counts in the placebo group. A higher than 3 stan-
dard deviations from a placebo mean was considered to be a
response.40 The test was performed using peripheral blood
mononuclear cells (PBMCs) collected at days 0, 6, 28, 56 and
112 and assessed in Beckman Coulter Navios flow cytofluorime-
ter (USA). Levels of the H2N2 vaccine virus-specific cells were
measured by standard intracellular cytokine staining assay52 fol-
lowing in vitro stimulation with the vaccine strain A/17/Califor-
nia/66/395 (H2N2) at a dose of 6 MOI (multiplicity of
infection). The following fluorescent markers were used for stain-
ing: Live/Dead stain (APC), CD4 (APC–AlexaFluor 750), CD8
(PC 5.5), CCR7 (FITC), CD45RA (ECD) and IFN–g (PE).

Statistical analyses
Statistical analysis of the data was performed by Statistica 6

and GraphPad Prizm 5 software using the Wilcoxon Matched
Pairs Test, Friedman ANOVA and Fisher exact test (2–tailed).
All the protocol–specified analysis, including the results of the
immunogenicity assays were conducted under blind. Unblinding
of the study took place only after all the data had been locked.
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